INTRODUCTION
The historical record of active volcanic eruption is extremely important for natural hazard reduction, especially in densely populated areas. Five historical submarine eruptions in the offshore Taiwan region have been reported in different documents (Kuno 1962) . The earliest report was in 1853, some 150 years ago. In recent decades, three nuclear power plants (NPPs) have been built and one is currently under construction in both the southern and northern regions of Taiwan Island. Moreover, the shoreline of Taiwan is heavily populated and industrialized. With this in mind, a tangible record of submarine volcanic eruptions around Taiwan is extremely important in making natural hazard assessments, especially for the NPPs safety assessment (Chen and Shen 2004) .
The purpose of this paper is to clarify any contradictory points in the historical eruptions' record around Taiwan, based on the original records and recent research results. The tectonic implications of these volcanic activities are also discussed in the final section of this paper. The refined record of historical eruptions shall contribute to the Smithsonian Institution's Global Volcanism Program and the International Association of Volcanology and Chemistry of the Earth's Interior (IAVCEI) to improve the next version of the Catalog of Active Volcanoes of the World.
RESULTS
Five historical submarine eruptions around offshore Taiwan have been reported (Simkin and Siebert 1994) (Fig. 1) . The eruption records were traced back to their original sources as completely as possible. These records were actually written in four languages, Deutsh, French, Japanese, and English, respectively. Moreover, catalog numbers of each eruption event in this paper shall reflect those in the Volcanoes of the World (Simkin and Siebert 1994) . The refined results of five historical records around Taiwan are described as follows:
Catalog Number: 0801-05
Historical Record: Locality: 26°11'2"N, 122°27'30" E Time: April 18, 1916 Description: The Japanese Navy boat named "Akitusima" reported a steam eruption over about 30 m 2 in 10 minutes (Omori 1918; Kuro 1962) .
Comment:
The eruption type and period was described, but no eruptive solid material was reported. Therefore, the activity was believed to be small and short. The VEI (Volcanic Explosivity Index, Newhall and Self 1982) should be estimated as 0. In addition, there was no record to indicate this eruption extended to 1927 (Simkin and Siebert 1994) . The 0801-04 eruption locality in the catalogs of Kuro (1962) and Simkin and Siebert (1994) , both, were referred from Sapper (1917 Sapper ( , 1927 , but locality of this event in above catalogs showed the different positions, 25°25'N, 122°20'E; 25. 42°N, 122.33°E, respectively. Whereas Sapper (1917 , 1927 recorded that the locality of the 0801-04 event was 25.4°N, 122.2°E, the locality of the event 0801-04 in the catalogs of Kuro (1962) and Simkin and Siebert (1994) should be corrected.
Catalog Number: 0801-03
Historical Record: Locality: 24°00'N, 121°50'E Time: October 29, 1853 Description: smoke columns and ash over several days (Perrey 1858) . Comment:
The submarine eruption was qualitatively described by the Lieutenant "Boyle" of the American Navy boat, "Southampton". This submarine eruption was reported to have formed columns of smoke about 18 km (10 nautical miles) offshore from Taiwan, no lava, however, was observed (Perrey 1858) . Several days later, another boat named "Macedonian" passed by the same location and reported white ash covering its curtains (Perrey 1858) . The time of eruption was clearly recorded (Perrey 1858) . However, in both the Kuro (1962) and Simkin and Siebert (1994) catalogs, the timing of this event has not been reported exactly.
Catalog number: 0801-02
Historical Record: Locality: offshore from the southern most point of Taiwan Time: January 15, 1854 Description: none Comment:
This record revealed the most contradictory points regarding locality and eruption descriptions (Sapper 1917 (Sapper , 1927 Kuro 1962; Simkin and Siebert 1994) . According to the boat, "Susquehannah", as it passed the southernmost point of Taiwan on January 15, 1854, two small volcanoes were observed (Perrey 1858) . Unfortunately, the author did not describe the precise location and eruption phenomenon. The locality of this event was only marked on Map Plate XXXI (Sapper 1927) ; however, Kuro (1962) found that it was not consistent with the text, as the locality was not mentioned (Sapper 1927 ). Yet, Kuro (1962) does mention a precise locality of this event as 21°50'N, 121°11'E. Further investigation of another original record source (Fuchs 1865) , did not indicate the locality of this event either. Hence, we conclude that this eruption record cannot be treated as robust.
Catalog Number: 0802-01 (Japan)
Historical Record: Locality: 24°34'N, 123°56'E Time: October 31, 1924 Description: Water domes were formed and lapilli ejected. On the second day, a field of pumice 3 nautical miles (~5.6 km) long, 0.5 nautical miles (~0.9 km) wide, and 90 cm high, covered the eastern sea of Iriomote Island (Tanakadate 1931; Kuro 1962) , and the pumice drifted with the Kuroshiro current to the main islands of Japan (Tanakadate 1931; Japan Meteorological Agency 1975) .
Comment:
The record is reliable and clear. However, the date of eruption should be 1924 as per the original report, not in 1925 (Kuro 1962; Tanakadate 1931) . The VEI value is estimated at 2 (5600 m * 900 m * 0.9 m = 4 54 10 6 . × m 3 ). Another Japanese Navy boat, "Nogima Tokumu Kan" found a wide pumice floating on the sea surface around the Yonaguni Island on December 19, 1924 (Journal Geological Society Japan 1925 . The duration of the eruption was conservatively estimated to be at least 50 days, because pumice floating on the sea surface around the eruption area should have been readily dispersed with the strong Kuroshiro current to the main islands of Japan (Tanakadate 1931) . It is possible to assume from this information that the eruption size of this event could be much larger than previously estimated.
TECTONIC IMPLICATIONS
The Philippine Sea Plate is converging toward Taiwan at about 7 cm yr −1 in a northwestsoutheast direction (Seno 1977) . There are two subduction zones dipping in opposite directions occurring to the northeast and southeast of Taiwan (Fig. 2) (Ho 1982) . To the southeast, the Eurasian Continental Plate is subducting beneath the Philippine Sea Plate along the Manila Trench (Lin et al. 1999) . To the northeast, the Philippine Sea Plate is subducting below the Eurasian Continental Plate along the Ryukyu Trench. The island of Taiwan was built up by an oblique collision of the Luzon Arc, riding on the Philippine Sea Plate, against the passive continental margin from 10 Ma (Teng 1990 ).
The localities of volcanic eruptions, Catalog numbers 0801-03 and 0801-02 (noted latter with highly uncertainty), at southeastern offshore Taiwan lie in the region of the TaiwanLuzon Arc from the Philippines. From the dating results of volcanic islands in the northern part of the Taiwan -Luzon Arc, the youngest age appeared in Hsiaolanhsu was around 20 Ka (Yang et al. 1995) , which position is close to that of Catalog number 0801-02. As known, this Hsiaolanhsu volcanic activity could conceivably have occurred as the northern Taiwan -Luzon Volcanic Arc of the Eurasian Continental Plate eastwardly subducted under the Philippine Sea Plate (Figs. 1 and 2) (Lin et al. 1999) . If the Catalog number 0801-3 event could be proposed as the northern propagation of the active Taiwan -Luzon arc, this active arc chain will be completely different with the Coastal Range of the old Taiwan -Luzon arc, which activities ceased at 2.2 Ma due to arc-continent collision (Lo et al. 1994; Yang et al. 1995) . However, advanced studies of volcanic juveniles and submarine geographies of these two eruptions are definitely required. Moreover, seismic wave travel time tomography should be applied to image this subduction zone in central and southern Taiwan, such as with the work conducted for the islands of Honshu and Kyushu in Japan (Zhao et al. 1992 (Zhao et al. , 2000 . The Ryukyu subduction system, composed of the Quaternary Ryukyu Volcanic Front (QRVF), the Ryukyu Trench and the Okinawa Trough, extends from southwestern Kyushu in the north to northeastern Taiwan in the south (Figs. 2 and 3) . The Okinawa Trough has an obvious extensional back arc basin relation to the Ryukyu arc (Lee et al. 1980) . The volcanic activities in northern inland and offshore Taiwan (called Northern Taiwan Volcanic Zone, NTVZ) behind the Okinawa Trough began about 2.8 Ma (Wang and Chen 1990) . Teng (1996) proposed that volcanic activity in the NTVZ behind the Okinawa Trough was terminated, when the Okinawa Trough opening migrated to the east due to a mountain collapse after the arc-continent collision. However, an alternative model has been suggested that the QRVF and the NTVZ have different magma generation mechanisms (Chen 1997; Chen et al. 1995 Chen et al. , 1999 Wang et al. 1999 Wang et al. , 2004 (Fig. 3) . The mechanism for magma generation of the latter should not be closely related with the subduction, from the viewpoint of geochemical concepts and dating results. This model suggests that the major magma source of the NTVZ is derived from the products of asthenosphere upwelling under the lithospheric extensional environment after the arc-continent collision in northern Taiwan and the offshore area. Based on the modeling propositions, volcanic activities in these two volcanic zones are continuous.
The sites of Catalog numbers 0801-04 and 0801-05 in northern offshore Taiwan are located in the NTVZ, and the location of Catalog number 0802-01 is on the QRVF line (Fig. 3) . These three historical eruptions are, at least, consistent with the latter model proposing that new magma generation in the NTVZ and QRVF is still in progress. The frequency of volcanic activity in the NTVZ and the QRVF can be confidently estimated as a hundred year time scale. This result indicates the critical importance of understanding local conditions for volcanic hazard assessment in northern Taiwan.
It is worthily pointed out that there was a magnitude 7.0 earthquake which occurred on December 18, 1867 (Tsai 1985) . This earthquake generated a high tsunami wave that drowned several hundred people along the northern coast of Taiwan. The offshore epicenter of this earthquake was assessed as 25. 3°N, 121.7°E (Tsai 1985) . In fact, the position and time of Catalog number 0801-04's eruption was quite coincidental with this earthquake record. Although there has been no evidence available to peruse the relationship between those two events, we know for sure that geological activity along the offshore area of northeastern Taiwan often occurs and potentially causes geological catastrophes.
CONCLUSIONS
The locality, eruption size, and timing of eruptions in the historical records around Taiwan were modified and discussed. Two events (catalog numbers 0801-03 and 0801-02) shown at southeastern offshore Taiwan likely have significant tectonic meaning, where volcanic activities could have occurred as the result of the Eurasian Continental Plate's eastwardly subduction under the Philippine Sea Plate.
Discussing the contradictory points of the historical eruptions' record around Taiwan, three (catalog numbers 0801-04, 0801-05 and 0802-01) of five submarine eruption records can be clearly traced, which are consistent with the tectonic model of the island's arc and structures, the NTVZ and the QRVF, respectively. These three records strongly suggest that new magmatic activity in northern offshore Taiwan is still present. Therefore, a program of the volcanic hazard reduction should be seriously considered in northern Taiwan.
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